Measures have been introduced to reduce the health risk and nuisance of agricultural noise to humans. However, humans are not the only animals that can be affected by sound. The sounds to which farm animals are exposed are not controlled and furthermore are relatively unknown. This study was carried out to determine the sound experienced by pigs throughout their production. Recordings of noise were made at six farms, on five transporters and at four abattoirs. From these recordings, information extracted included averages and ranges of sound pressure levels, ranges of frequencies and peak frequencies and sources of the noise components.
Measures have been introduced to reduce the health risk and nuisance of agricultural noise to humans. However, humans are not the only animals that can be affected by sound. The sounds to which farm animals are exposed are not controlled and furthermore are relatively unknown. This study was carried out to determine the sound experienced by pigs throughout their production. Recordings of noise were made at six farms, on five transporters and at four abattoirs. From these recordings, information extracted included averages and ranges of sound pressure levels, ranges of frequencies and peak frequencies and sources of the noise components.
The average sound pressure level measured in mechanically ventilated pig buildings was 73 dB: naturally ventilated buildings were on average 10 dB quieter, but did tend to have a greater variation in intensity as indicated by the range between¸ and¸ values (the sound level exceeded for 10 and 90% of the measurement period, respectively). The frequency content of the sound present on farms ranged from 20 to 6300 Hz. Peaks in frequency, probably caused by fans, were identified in the mechanically ventilated buildings but not in the naturally ventilated buildings. A diurnal variation in overall sound pressure level was found in naturally ventilated buildings but not in mechanically ventilated ones.
The average sound pressure level measured during transport was 91 dB (Lin). Only a small variation between different types of transporter was found. Peaks in frequency were identified, but their source was not investigated. No sound was measured at frequencies above 16 kHz.
The sound pressure level in abattoir lairages was between 76 and 86 dB (Lin), though the pre-stun pens were louder, 89 to 97 dB (Lin).
Pig vocalizations and moving machinery were significant sources of sound in all the areas surveyed. The
Introduction
The average sound pressure level in the rural environment has steadily increased over the last century associated with increased mechanization.
1 This has been implicated in both health and social problems in human communities.
2 Over the past decade, various legislative measures have been implemented to reduce the noise health risk or nuisance to humans. These have been directed towards either a reduction of the sound output of the source or through a decrease in the amount of sound heard. For instance, it is now commonplace for stockmen to wear ear defenders when feeding dry sows. Similarly, the cabs of tractors are now acoustically isolated such that little sound from the engine or road penetrates the cab. Animals may also be affected by sounds from various sources that occur at levels greater than the rural background.
Physiological and behavioural studies have been reported which provide evidence that animals have similar responses to noise as humans. Heart rate increases after exposure to sound have been found in humans, 3 baboons 4 and pigs. 5 Other experiments have shown that sound can be used as punishment in humans, 6 hens 7 and pigs.
8
Agriculture has benefited from increased mechanization but at the expense of an associated increase in the type and extent of external sound sources. The sound levels to which farm animals are subjected have not been characterized extensively. Algers et al. 9 reported that pigs in mechanically ventilated sheds were frequently exposed to levels of 70 dB (A) or more, with several groups of fattening pigs experiencing¸ of over 70 dB. Levels in cattle sheds ranged 9 from¸ of 61 dB up to ¸ of 73 dB. Furthermore, animals also experience sound during transport and at the abattoir. One study that measured sound levels during the transport of lambs 10 found that the sound pressure level was continuously above 90 dB (A). The object of this work was to determine the characteristics of sounds to which pigs are exposed on the farm, during transport and at the abattoir.
Materials and methods

Equipment
Sound signals were sampled from the environment by a in microphone (Bruel & Kjaer 4165, frequency response 3 to 20 000 Hz$2 dB) and a in microphone (B&K 4135, response 3 to 40 000 Hz$2 dB). These were surrounded by metal cages for protection. The microphones were connected to pre-amplifiers (B&K 2639), and power supplies (B&K 2804). The sound signal was then stored on a tape recorder. Two types of tape recorders were used to record the sounds; initially, a reelto-reel recorder was used (Racal Store 4DS with DR/AM cards fitted), and subsequently a cassette recorder (Marantz). A sound level calibrator (B&K 4230) which emitted a tone of 1000 Hz at a sound pressure level of 93.8 dB for a in microphone, was used for calibration. For recordings over long periods of time, a pre-polarized condenser microphone (B&K 4155) connected to a precision integrating sound level meter (B&K 2230) (SLM) was used. Readings were then output from the interface on the SLM and recorded on a data logger. During analysis, the recordings were played back into a frequency analyser.
2.2.¸ocations
Recording locations were identified through contact with local farmers, transport hauliers and abattoir managers. An initial reconnaissance visit was undertaken to determine safe and appropriate positions for sound recording. The object of the survey was to measure the sound to which pigs were exposed, and therefore recordings were made as near as possible to pig height, approximately 0)5 m above ground level, wherever pigs were present. Microphones were secured in these positions and recordings made for spectrum analysis during periods of the day when no other activities, e.g. feeding, were taking place. Measurements were made on representative types of farms, transporters and abattoirs.
Descriptions of the positions at which recordings were made on farms are summarized in Table 1 , on transporters in Table 2 and abattoirs in Table 3 .
Analysis and measurements
The sound pressure level, taken over a minimum period of 20 min was determined for each of the recorded sounds. Equation (1) 
Where possible¸ and¸ values were determined. and¸ indicate that the sound level exceeded for 10 and 90% of the measurement period, respectively. The equivalent continuous level, as denoted by the term
2
, was calculated using Eqn. (2), when sound levels were measured over fixed times,
"10 Log ¹\ sound pressure (t) dt reference pressure dB (2) where ¹ is the total time of sampling period, and t the interval between individual pressure measurements. Weighting curves that account for different sensitivities to different frequencies were used for some measurements. The mammalian ear sensitivity to sound is dependent on the frequency of the sound being detected. Frequencies at the extremes of the hearing frequency range are not detected as well as frequencies in the middle of the range. To account for this when measuring sound, a weighting curve is used to place more emphasis on frequencies to which humans are more sensitive. The ''A'' weighting curve is generally used for sound pressure levels up to 55 dB and for assessing noise exposure in the workplace. The ''C'' weighting curve is often used for sound pressure levels over 85 dB. When no weighting has been applied during measurement of sound pressure level the unit symbol is followed by (Lin).
A Fourier analysis was performed on each of the sound recordings to determine the sound pressure level in each of 30 third octave bands between 20 and 20 000 Hz, referred to as the frequency spectrum of a sound. This analysis was performed over periods of 20 min to ensure that standard errors were minimal. Sound pressure levels typically encountered by humans are 40 dB in a residential area at night, 80 dB on the curb side of a busy street and 90 dB with heavy lorries passing at 6 m distance.
Results
Sound pressure level
The equivalent sound pressure levels (SPL) recorded in various environments used to accommodate pigs are 2 Table 1 Descriptions of the farms on which sound measurements were taken (20) 80 (2) 200 (20) 54 (0) Table 4 . Noise in mechanically ventilated fattening units was louder than in naturally ventilated units by approximately 10 dB (Lin). The SPL was more varied in the naturally ventilated units, which had a range between the¸ and¸ values of approximately 12 dB (Lin). The range in mechanically ventilated units was only 4 dB (Lin). The equivalent SPL measured in the dry sow accommodation was much higher than other pig accommodation, i.e. '100 dB (Lin).
The presence of pigs in transporters reduced the SPL measured during transit by approximately 10 dB (Lin) when compared with a similar journey when no pigs were Table 4 Average sound levels (dB) measured on various farms. Duration relates to the length of time over which the measurements were taken.
Weight indicates which weighting curve was used when measurements were taken At the abattoir, levels recorded in lairage were between 76 and 86 dB (Lin) ( Table 6 ); in the pre-stun pens, measured levels were higher.
Frequency spectra
The frequency spectra of all recordings are summarized in Table 7 . Very little sound energy was found above frequencies of 6300 Hz in all buildings, apart from in the dry sow house on farm 1. The sound energy from the recordings in the naturally ventilated fattening unit was evenly distributed over the frequency range 20-6300 Hz. In contrast, sound energy found in the mechanically ventilated fattening units was distributed in several tonal components (Fig. 1) .
Much higher frequencies of sound were observed in the transporter recordings when compared with the accommodation recordings (Fig. 2) . A similar range of frequencies was measured during full and empty journeys on most vehicles (Fig. 2) . Most of the sound, during transport, was quite evenly spread over most frequencies. More tonal components were found in the loading and unloading recordings, but a smaller range of frequencies was found.
The frequency ranges recorded in different abattoirs were quite varied (Fig. 3) . Some of the lairages had maximum recorded frequencies as low as 2000 Hz and others as high as 10 000 Hz. The pre-stun pens had slightly wider frequency ranges. Several peaks in frequency (tonal components) were found in most of the abattoirs.
¹ime history of sound pressure level
The SPL in mechanically ventilated fattening units did not vary much over a recording period of 22 h (Fig. 4) . On all three farms, illustrated, where mechanical ventilation was used, there is a minimum level, below which the SPL never dropped. There were several occasions where sounds louder than this basal level were recorded, as shown by peaks. A very different SPL pattern was shown in the naturally ventilated units. The SPL was much more variable, values did not fall below the background THE ACOUSTI C ENVI RONMENT OF THE DOMESTIC PIG level and peaks in level occurred quite often. In addition, a diurnal pattern of SPL could be detected, as the SPL fell to a minimum during the middle of the night. The SPL during transport varied, though not quite as much as in the naturally ventilated fattening units (Fig. 5) .
Description of sources of sounds
A combination of mechanical and biological sources produced the sounds heard on the farms by the pigs. Mechanical sources included fans, feeding equipment, tractors during scraping out of dunging passages, and radios. Vocalizations that were recorded included a variety of grunts and squeals, which were emitted at all times throughout the day by the pigs. The sows that were fed on restricted diets tended to scream at the onset of feeding. The majority of the sound measured during transport was emitted from the vehicle itself, i.e. the pigs were relatively quiet. The gates inside the container jolted against each other and the pigs moved their feet on the metal floor. Other sources of sound included the engine, the sound from the tyres interacting with the road surface and air turbulence.
The sources of sound in the abattoir recordings were again a mixture of biological and mechanical origin. Many pigs screamed and grunted in the lairage and vocalizations from other species were recorded. People working in the abattoir frequently shouted at the animals and each other. High-pressure water hoses, normally used to clean all the pens within the abattoir generated significant amounts of sound. In some abattoirs, the sound of the shackling equipment could be heard in the holding pens near to the stun pen. The shackle line sound was probably the major source of sound inside the stun pen. 
Discussion
The sound pressure levels measured in the fattening units were similar to those measured by Algers et al. 9 in pig yards. The levels measured in pig transporters in this survey were slightly quieter than those measured by Knowles et al. 10 on a single sheep transporter. No previous studies have reported sound pressure levels in abattoirs.
Regulations covering the sound levels to which pigs can, and cannot, be exposed have not been set in the UK, though sound exposure regulations for humans can be used to assess the sounds characterized in this survey. If exposed to similar sound levels as those recorded in the fattening units in this study, humans would only be able to carry out manual work for 8 h per day. The sound level regulations regarding places of work, have the primary aim of preventing deafness and therefore may not be the appropriate legislation to use for comparison. Pigs rest for most of their time in the fattening accommodation, so it is perhaps more appropriate to make a comparison with levels set for human residential areas, e.g. see Ref. 11 .
Sound levels of approximately 40 dB (A) are suggested as the appropriate level in rural residential areas during the night. Sound levels above this have been shown to decrease the quality of sleep.
12 The sound levels in the fattening units were considerably greater than this, and it could be speculated that pigs have disturbed sleep in these environments. Using this argument, Swedish legislation has set a maximum sound pressure level of 45 dB (A) for pig fattening accommodation, on the untested assumption that pigs perceive and experience sound in exactly the same way as humans.
In assessment of sound exposure for humans, the measured sound pressure level takes account of the different sensitivities to different frequencies, e.g. as in an A weighting curve. It would be equally appropriate for a similar procedure to be established for pigs. Unfortunately, absolute auditory threshold curves have only been measured for three pigs, 13 whereas the human A weighting curve is based on hundreds of individuals. Therefore, it would be unwise to base a weighting curve on so few data. However, tentative comparisons between pig and human perception of sound can be made from those results. Heffner and Heffner 13 showed that the frequency range of the three pigs which were tested, was an octave higher than the human frequency range, i.e. 40-40 000 Hz. In addition, they found that the quietest sound which pigs can hear is 8 dB louder than the minimum sound level which humans can hear. The sound pressure level at which sound becomes painful to pigs is unknown. All the sounds measured in this survey fell within the hearing range of the pig, with no significant amount of sound recorded above 20 000 Hz.
The origin of the tonal components, which were found in several of the frequency spectra, could have been determined by using filters or recording sample sounds THE ACOUSTI C ENVI RONMENT OF THE DOMESTIC PIG Fig. 4 . Time history of sound pressure level measured on different farms from each potential sound source. In the former technique, filters permit only the sound at a particular frequency to be transmitted. Then by listening to this sound an origin can be determined. Analysis of the sounds from each specific source in the latter technique, when examined as a group, would allow the source of each peak to be identified. Identification of tonal components was not carried out in this survey, though suggestions as to the source of some peaks can be made. A past study found that ventilation fans generally produce the most sound 9 between 125 and 500 Hz. Some of the tonal components found in the mechanically ventilated fattening unit fell within this range, and these peaks can therefore be tentatively attributed to the sound from the fans.
Sound during transport and at the abattoir has previously been identified as a potential stressor.
14-16 The acute rather than chronic effects of sound are important in this respect due to the animals being slaughtered before any long-term effects such as hearing loss are manifested. Playback of the sounds recorded in this survey caused pigs' heart rate and activity to increase, both typical reactions to a stressor. 5 Other experiments 8, 17 showed that pigs actively avoided sound of 98 dB (Lin) and showed greater avoidance of intermittent sound of 83 dB compared with uniform sound of this same value. The results from these experiments and this survey indicate that sound during transport and at the abattoir represent a stressor to which pigs are exposed. Whether pigs can adapt to sound stress may depend on the type of sound environment in which they were previously housed. Experiments have indicated that pigs can adapt to sound, 8 however the details of this phenomenon have not been investigated. It is possible that pigs housed in an acoustically rich, not necessarily loud, environment and therefore adapted to varying sounds and sound pressure levels, may be less stressed by the novel, varying sounds during transport, lairage and in the pre-stun pen area. However, if this was not the case, then varying sound levels during rearing would decrease the pigs' welfare during that period. Mechanically ventilated housing may improve pig welfare by masking any novel and loud sounds, thus making them less obtrusive. 
Conclusions
From this study, it was found that pigs are exposed to a multitude of different sounds throughout their lives, which can be novel, loud, intermittent or continuous. Sound in mechanically ventilated pig houses was generally fairly constant with a sound pressure level of 73 dB (Lin). Naturally, ventilated pig houses were quieter, about 63 dB (Lin), but they tended to have more variation in the sound pressure level. In both types of pig accommodation no sound was found at frequencies above 6300 Hz. Pigs were found to be exposed to the loudest and most varying sounds during transport and at the abattoir. Average sound pressure levels, during transport, were 91 dB (Lin). This sound was found over the frequency range 20-16 000 Hz. Sound levels at the abattoir were slightly lower, 76-86 dB (Lin), but more variable. The loudest sounds that pigs are exposed to occur just prior to stunning, in the stun pen. Recordings made in two abattoirs averaged sound pressure levels of 89 and 97 dB (Lin).
These levels and types of sound which were found during transport and at the abattoir, are likely to be aversive to pigs and therefore should be regulated to improve pig welfare.
